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1
DIPLEXER

This application claims the benefit of priority to Japanese
Patent Application No. 2004-051479 filed on Feb. 26, 2004,
herein incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a diplexer which can be
used for a transcerver or the like.

2. Description of the Related Art

FIG. 5 shows a conventional diplexer. The diplexer has a
low pass filter circuit comprising coils L1 and .2 and capaci-
tors C1 to C4 and a high pass filter circuit comprising a coil L3
and capacitors C5 to C7. One end of the low pass filter circuit
and one end of the high pass filter circuit are connected with
cach other to serve as a common terminal. The other end of
the low pass filter circuit serves as a low pass filter terminal,
and the other end of the high pass filter circuit serves as a high
pass lilter terminal. In the low pass filter circuit, a parallel
resonance circuit having a resonance frequency higher than a
second frequency 1s provided near the common terminal and
comprises the coil L1 and capacitor C1 which are connected
in parallel with each other.

Further, a parallel resonance circuit having a resonance
frequency twice as large as a first frequency (the range of from
880 to 960 MHz) or the second frequency (the range of from
17710 to 2170 MHz) 1s provided near the low pass filter ter-
minal and comprises the coil L2 and the capacitor C2 which
are connected 1n parallel with each other. Then, the parallel
resonance circuits are connected with each other. The capaci-
tor C3 1s provided at the connection of the parallel resonance
circuit comprising the coil L1 and the capacitor C1 and the
parallel resonance circuit comprising the coil L2 and the
capacitor C2, and the capacitor C4 is provided near the low
pass lilter terminal. Each of the capacitors C3 and C4 serves
a ground capacitor.

Further, 1n the high pass filter circuit, the capacitors C3S and
C6 are connected 1n series between the common terminal and
the high pass filter terminal. The connection of the capacitors
C3 and Cé6 15 grounded via a series resonance circuit coms-
prising the coil L3 and the capacitor C7. Accordingly, the high
pass filter circuit with an attenuation pole 1s constructed (for
example, see Japanese Unexamined Patent Application Pub-
lication No. 2003-069362 (FI1G. 1)).

In the above-mentioned configuration, when the low pass
filter circuit transmaits signals 1n a plurality of different fre-
quency bands and similarly the high pass filter circuit trans-
mits signals i a plurality of different frequency bands, for
example, the low pass filter circuit does not suificiently reflect
the signals 1n the respective frequency bands which the high
pass filter transmits, and the high pass filter circuit does not
suificiently reflect the signals in the respective frequency
bands which the low pass filter transmits. Thus, 1t becomes
difficult to transmit the signals 1n the plurality of different
frequency bands without loss.

SUMMARY OF THE INVENTION

The present invention 1s to suppress loss of signals in a
plurality of frequency bands which a high pass filter and a low
pass filter transmit respectively.

In order to solve the above-mentioned problems, there 1s
provided a diplexer according to the present mvention com-
prising a common terminal connected to an antenna, a first
input/output terminal for inputting/outputting signals 1n a
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plurality of high frequency bands larger than a predetermined
frequency, and a second 1nput/output terminal for inputting/
outputting signals i a plurality of low frequency bands
smaller than the predetermined frequency. Between the com-
mon terminal and the first input/output terminal, a high pass
filter and a plurality of low trap circuits for attenuating the
plurality of low frequency bands respectively are interposed
in series, and, between the common terminal and the second
input/output terminal, a low pass filter and a plurality of high
trap circuits for attenuating the plurality of high frequency
bands respectively are interposed in series.

Further, the high pass filter has at least a mid-section m-de-
rived high pass filter, and a frequency of an attenuation pole of
the m-dertved high pass filter 1s set to be close to the lowest
frequency or the highest frequency of one of the low fre-
quency bands.

Further, the low pass filter has at least a mid-section m-de-
rived low pass filter, and a frequency of an attenuation pole of
the m-dertved low pass filter 1s set to be close to the highest
frequency or the lowest frequency of one of the high fre-
quency bands.

Further, each of the low trap circuit comprises a parallel
resonance circuit of an inductive element and a capacitive
clement and 1s interposed between the common terminal and
the high pass filter, the m-derived high pass filter comprises a
parallel m-derived high pass filter, and the common terminal
1s grounded 1n a direct-current wise via the inductive element
of the parallel resonance circuit and an inductive element
constituting the parallel m-derived high pass filter 1n series.

Further, the plurality of low frequency bands are transmis-
s1on/reception frequency bands for a GSM system and trans-
mission/reception Irequency bands for a DCS system and a
PCS system, and the plurality of high frequency bands are
transmission/reception frequency bands of a Bluetooth sys-
tem and transmission/reception frequency bands of a wireless

LAN system.

According to the present invention, between the common
terminal and the first input/output terminal, the high pass filter
and the plurality of low trap circuits for attenuating the plu-
rality of low frequency bands respectively are interposed in
series, and, between the common terminal and the second
input/output terminal, the low pass filter and the plurality of
high trap circuits for attenuating the plurality of high fre-
quency bands respectively are interposed in series. Thus,
transmission characteristics of the signals of the respective
frequency bands become favorable. Further, the signals 1n the
low frequency bands and the signals of the high frequency
bands are prevented from interfering with the signals in the

high frequency bands and the signals in the low frequency
bands.

According to the present invention, the high pass filter has
at least the mid-section m-derived high pass filter, and the
frequency of the attenuation pole of the m-derived high pass
filter 1s set to be close to the lowest frequency or the highest
frequency of one of the low frequency bands. Thus, transmis-
s1on characteristics 1n the low frequency bands to be damaged
under the influence of the respective low trap circuits can be
flattened.

According to the present invention, the low pass filter has at
least the mid-section m-derived low pass filter, and the fre-
quency of the attenuation pole of the m-derived low pass filter
1s set to be close to the highest frequency or the lowest
frequency of one of the high frequency bands. Thus, trans-
mission characteristics in the high frequency bands to be
damaged under the influence of the respective high trap cir-
cuits can be flattened.
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According to the present invention, each of the low trap
circuits comprises the parallel resonance circuit of the induc-
tive element and the capacitive element and 1s 1nterposed
between the common terminal and the high pass filter. The
m-derived high pass filter comprises the parallel m-derived
high pass filter. Further, the common terminal 1s grounded in
the direct-current wise via the inductive element of the par-
allel resonance circuit and the inductive element constituting
the parallel m-derived high pass filter. Thus, static electricity
applied to the common terminal can be discharged and a
transceiver circuit connected to each mput/output terminal
can be protected from an electrostatic damage.

According to the present invention, the plurality of low
frequency bands are transmission/reception frequency bands
of the GSM system and transmission/reception frequency
bands of the DCS system and the PCS system, and the plu-
rality of high frequency bands are transmission/reception
frequency bands of the Bluetooth system and transmission/
reception frequency bands of the wireless LAN system. Thus,
a diplexer for mobile phone which 1s common to the above-
described four systems can be implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing a configuration of a
diplexer according to the present invention;

FIG. 2 1s a transmission characteristic diagram of the
diplexer according to the present invention;

FIG. 3 1s a circuit diagram showing a configuration of
another diplexer according to the present invention;

FI1G. 4 15 a transmission characteristic diagram of another
diplexer according to the present invention; and

FIG. 5 1s a circuit diagram showing a conventional
diplexer.

L1
M

ERRED

DESCRIPTION OF THE PR
EMBODIMENT

FIG. 1 shows a circuit configuration according to a first
embodiment of the present invention. Between a common
terminal 1 for connecting with an antenna and a first input/
output terminal 2, signals in frequency bands higher than a
predetermined frequency (for example, 2.2 GHz) transmits,
and, between the common terminal 1 and a second mput/
output terminal 3, signals 1n frequency bands lower than the
predetermined frequency transmits. Further, between the
common terminal 1 and the first input/output terminal 2, two
low trap circuits 4 and 5 and a high pass filter 6 are interposed
in series. The first low trap circuit 4 comprises a parallel
resonance circuit of an inductive element 4aq and a capacitive
clement 45 and attenuates a low frequency band, for example,
a transmission/reception frequency band (the band ranging

from 806 MHz to 960 MHz) for a GSM system.

The second low trap circuit 5 also comprises a parallel
resonance circuit of an inductive element 5a and a capacitive
clement 56 and attenuates a low frequency band, for example,
a transmission/reception frequency band (the band ranging
from 1710 MHz to 1990 MHz) for a DCS system, a PCS
system, and so on. Thus, as a resonance frequency of the first
low trap circuit 4, a frequency close to an immediate fre-
quency 1n the transmission/reception frequency band for the
GSM system, for example, 920 MHz is selected, and as a
resonance frequency of the second low trap circuit 3, a fre-
quency close to an immediate frequency 1n the transmission/
reception frequency band for the DCS system and the PCS
system, for example, 1900 MHz 1s selected.
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In addition, the first low trap circuit 4 1s disposed near the
common terminal 1, and the high pass filter 6 1s disposed near
the first input/output terminal 2. Further, the second low trap
circuit 5 1s interposed between the first low trap circuit 4 and
the high pass filter 6.

The high pass filter 6 has a mid-section high pass filter, 1n
which an inductive element 6a 1s connected between an out-
put terminal of the second low trap circuit 5 and a ground and
a capacitive element 65 1s connected between the output
terminal of the second low trap circuit 3 and the first input/
output terminal 2.

Moreover, between the common terminal 1 and the second
input/output terminal 3, two high trap circuits 7 and 8 and a
low pass filter 9 are interposed 1n series. The first high trap
circuit 7 comprises a parallel resonance circuit of an inductive
clement 7a and a capacitive element 75 and attenuates the
high frequency band, for example, the transmission/reception
frequency band (the band ranging from 2.4 GHz to 2.5 GHz)
for a Bluetooth (hereatfter, simply referred to as BT) (Regis-
tered Trademark 1n the name of NOKIA and so on) system.

The second high trap circuit 8 also comprises a parallel
resonance circuit ol an inductive element 8aq and a capacitive
clement 856 and attenuates the high frequency band, for
example, the transmission/reception frequency band (the
band ranging from 4.9 GHz to 6.0 GHz) for a wireless LAN
system. Thus, as a resonance frequency of the first high trap
circuit 7, a frequency close to an immediate frequency of the
transmission/reception frequency band for the Bluetooth sys-
tem, for example, 2.45 GHz 1s selected, and as a resonance
frequency of the second high trap circuit 8, a frequency close
to an immediate frequency of the transmission/reception Ire-
quency band for the wireless LAN system, for example, 3.5
GHz 15 selected.

Further, the first high trap circuit 7 1s disposed near the
common terminal 1, and the low pass filter 9 1s disposed near
the second input/output terminal 3. Then, the second high trap
circuit 8 1s interposed between the first high trap circuit 7 and
the low pass filter 9.

The low pass filter 9 has a mid-section low pass filter, 1n
which an inductive element 9a 1s connected between an out-
put terminal of the second high trap circuit 8 and the second
input/output terminal 3 and a capacitive element 95 1s con-
nected between the output terminal of the second high-band
trap circuit 8 and the ground.

In the above-mentioned configuration, transmaission char-
acteristics between the common terminal 1 and the first input/
output terminal 2 and transmission characteristics between
the common terminal 1 and the second input/output terminal
3 are indicated by A and B 1n FIG. 2 respectively. In FIG. 2,
frequency points 1 to 4 respectively indicates the positions of
the mtermediate frequency 1n the transmission/reception ire-
quency bands for the GSM system, the transmission/recep-
tion frequency band for the DCS system and the PCS system,
the transmission/reception frequency band for the Bluetooth
system, and the transmission/reception frequency band for
the wireless LAN system.

In the transmission characteristic A, attenuation poles Al
and A2 are respectively generated by the first low trap circuit
4 and the second low trap circuit 5. At the frequencies of the
attenuation poles Al and A2, since the signals 1n the trans-
mission/reception frequency band for the GSM system and
the signals 1n the transmission/reception frequency band for
the DCS system and the PCS system, which are input to the
common terminal 1, are reflected by the first and second low
trap circuits 4 and 5, the signals are efficiently output to the
second input/output terminal 3. Therefore, as indicated by the
transmission characteristic B, the attenuation at each of the
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frequency points 1 and 2 becomes extremely small. In addi-
tion, the signals 1n the transmission/reception frequency band
for the GSM system and the signals in the transmission/
reception frequency band for the DCS system and the PCS
system do not interfere with the signals in the transmission/
reception frequency band for the Bluetooth system and the
signals 1n the transmaission/reception frequency band for the
wireless LAN system.

Further, 1n the transmission characteristic B, attenuation
poles B1 and B2 are respectively generated by the first high
trap circuit 7 and the second high trap circuit 8. At the fre-
quencies of the attenuation poles B1 and B2, the signals 1n the
transmission/reception frequency band for the Bluetooth sys-
tem and the signals in the transmission/reception frequency
band for the wireless LAN system, which are iput to the
common terminal 1, are retlected by the first and second high
trap circuits 7 and 8, the signals are efficiently output to the
first input/output terminal 2. Therefore, as indicated by the
transmission characteristic A, the attenuation at each of the
frequency points 3 and 4 becomes extremely small. In addi-
tion, the signals 1n the transmission/reception frequency band
tor the Bluetooth system and the signals in the transmission/
reception frequency band for the wireless LAN system do not
interfere with the signals in the transmission/reception fre-
quency band for the GSM system and the signals in the
transmission/reception ifrequency band for the DCS system
and the PCS system.

Moreover, 1n the transmission characteristic A, an attenu-
ation pole A3 1s generated by series resonance of the first and
second high-band trap circuit 7 and 8 and the capacitive
clement 956 of the low pass filter 9 and appears between the
attenuation pole B1 and the attenuation pole B2. Therefore,
unnecessary signals between the transmission and reception
frequency band of the Bluetooth system the transmission and
reception frequency band of the wireless LAN system 1s
attenuated, thereby interference by these unnecessary signals
1s reduced.

Similarly, in the transmission characteristic B, an attenua-
tion pole B3 is generated by series resonance of the first and
second low trap circuits 4 and 5 and the inductive element 64
of the high pass filter 6 and appears as a frequency between
the attenuation pole Al and the attenuation pole A2. There-
fore, unnecessary signals between the transmission/reception
frequency band for the GSM system and the transmission/
reception frequency band for the DCS system and the PCS
system are attenuated, thereby reducing interference caused
by these unnecessary signals.

In the configuration shown 1n FIG. 1, with the attenuation
poles B3 and A3, for example, attenuation occurs around the
lowest frequency of the transmission/reception frequency
band for the DCS system or the PCS system (at a lower side
(indicated by 2L) of the frequency point 2), such that the
transmission characteristic of the transmission/reception ire-
quency band for the DCS system and the PCS system 1s
inclined. Further, attenuation occurs around the highest fre-
quency of the transmission/reception frequency band for the
Bluetooth system (at an upper side (indicated by 3H) of the
frequency point 3), such that the transmission characteristic
of the transmission/reception frequency band for the Blue-
tooth system 1s inclined. Therefore, as shown 1n FIG. 3, the
high pass filter 6 1s constituted as a parallel m-derived high
pass lilter in which the inductive element 6¢ 1s connected in
parallel to the capacitive element 6 of the high pass filter, and
the attenuation pole frequency of the high pass filter 6 1s set at
the lower side (2L). Similarly, the low pass filter 9 1s consti-
tuted as a parallel m-derived low pass filter in which the
capacitive element 9¢ 1s connected in parallel to the inductive
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clement 9a of the low pass filter 9, and the attenuation pole
frequency of the low pass filter 9 1s set at the upper side (3H).

According to the configuration, as shown in FIG. 4, an
attenuation pole A4 appears at the lower side of the transmis-
sion/reception frequency band for the DCS system and the
PCS system and the lower-side signals of the transmission/
reception frequency band for the DCS system or the PCS
system, which are mput to the common terminal 1, are
reflected by the attenuation pole A4 of the high pass filter 6.
The reflected signals are output to the second input/output
terminal 3. Therefore, as indicated by B 1n FIG. 4, the trans-
mission characteristic around the frequency point 2 1s flat-
tened. Similarly, the upper-side signals of the transmission/
reception frequency band for the Bluetooth system, which are
input to the common terminal 1, are reflected by the low pass
filter, and thus the reflected signals are output to the first
iput/output terminal 2. Therefore, as indicated by A 1n FIG.
4, the transmission characteristic around the frequency point
3 1s flattened.

In addition, when the attenuation around the highest fre-
quency of the transmission/reception frequency band for the
GSM system (at the upper side (indicated by 2H) of the
frequency point 1) 1s corrected by the attenuation pole B3, the
attenuation pole frequency of the high pass filter 6 may be set
around the highest frequency of the transmission/reception
frequency band for the GSM system, and when the attenua-
tion around the lowest frequency of the transmission/recep-
tion frequency band for the wireless LAN system (at the
lower side (indicated by 3L) of the frequency point 4) 1s
corrected by the attenuation pole A3, the attenuation pole
frequency of the low pass filter 9 may be set around the lowest
frequency of the transmission/reception frequency band for
the wireless LAN system.

Further, in the configurations 1n FIGS. 1 and 3, since the
common terminal 1 1s grounded via the inductive element 4a
of the first low trap circuit 4, the inductive element 3a of the
second low trap circuit 3, and the inductive element 6a of the
high pass filter 6 1n series, static electricity applied to the
common terminal 1s discharged through the respective induc-
tive elements, thereby protecting the transceiver circuit con-
nected to the first and second input/output terminals 2 and 3
from breakdown.

What 1s claimed 1s:

1. A diplexer comprising:

a common terminal connected to an antenna;

a {irst mput/output terminal for inputting/outputting sig-
nals in a plurality of high frequency bands higher than a
predetermined frequency; and

a second imput/output terminal for inputting/outputting
signals 1n a plurality of low frequency bands lower than
the predetermined frequency,

wherein, between the common terminal and the first input/
output terminal, a high pass filter and a plurality of low
trap circuits for attenuating the plurality of low Ire-
quency bands respectively are interposed in series in
which a series resonance frequency of the plurality of
low trap circuits and an inductive element of the high
pass filter 1s between the plurality of low frequency
bands attenuated by the plurality of low trap circuits, the
number of low frequency bands to be attenuated 1s larger
than the number of low trap circuits and,

wherein, between the common terminal and the second
input/output terminal, a low pass filter and a plurality of

high trap circuits for attenuating the plurality of high
frequency bands respectively are interposed 1n series 1n
which a series resonance frequency of the plurality of
high trap circuits and a capacitive element of the low
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pass filter 1s between the plurality of high frequency clement of the m-derived high pass filter such that an attenu-
bands attenuated by the plurality ot high trap circuits, the ated frequency thereot 1s between the plurality of low fre-
number of high frequency bands to be attenuated is quency bands attenuated by the plurality of low trap circuits

larger than the number of high trap circuits. and a capacitive element connected 1n parallel to an inductive
5 e¢lement of the m-derived low pass filter such that an attenu-
ated frequency thereof 1s between the plurality of high fre-
quency bands attenuated by the plurality of high trap circuits.
4. The diplexer according to claim 1,

wherein the plurality of low frequency bands are transmis-
10 s1on/reception frequency bands for a GSM system and
transmission/reception frequency bands for a DCS sys-
tem and a PCS system, and the plurality of high fre-
quency bands are transmission/reception frequency
bands for a Bluetooth system and transmission/recep-

15 tion frequency bands for a wireless LAN system.

2. The diplexer according to claim 1,

wherein each of the low trap circuits comprises a parallel
resonance circuit of an inductive element and a capaci-
tive element and 1s interposed between the common
terminal and the high pass filter, the m-derived high pass
filter comprises a parallel m-derived high pass filter, and
the common terminal 1s grounded via the mnductive ele-
ment of the parallel resonance circuit and an mductive
clement constituting the parallel m-derived high pass
filter 1n series.

3. The diplexer according to claim 2 further comprising a
second inductive element connected 1n parallel to a capacitive %k ok ok *
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